MATERIALS AND METHODS
Oderbrucker barley was used in all experiments. Mature grains were placed in a moist atmosphere to facilitate embryo removal. Embryos were removed from the grains with the thumb nail. This technique was found to be more efficient than removal with instruments since less endosperm remained attached to the scutellum. The upper half of the scutellum was usually missing from embryos so excised, thus providing a direct view of the coleoptile. Since the amount of starch formed in the embryo during germination is negligible when comparedl to the quantity stored in the endosperm, it is of utmost importance to eliminate as completely as possible from the embryo starch determinations the physiologically inert starch of the endosperm.
The embryos, in lots of 100, were floated on 3.0 ml. distilled water in 50 ml. Erlenmeyer flasks, or placed on sheets of Whatman no. 1 filter paper with 4.0 ml. distilled water in Petri dishes at 200 or 25°C. Germination tests were made at 200 C by following standardized procedures (11) . Since the heattreated grains had to be humidified in order to permit removal of the embryos, all grains were humidified prior to germination tests. After approximately 24 hours in a moist germinator, distilled water was added and the grains were covered with moistened blotters. Germination was determined at 4 to 7 days.
Fresh weight was determined at the end of the 5-day germination period and an average weight was calculated for those seedlings produced from 900 grains. The average fresh weight of the ungerminated grain, roughly equal to that portion remaining attached to the germinated seedling, was substracted from the average fresh weight of the seedlings to ob-' Received January 12, 1959.
tain a more realistic measure of fresh weight differences. This value represented the increase in seedling fresh weight over that of the ungerminated see(l. Seedling height was measured at 5 days and an average seedling height was calculated. The curve in figure 7 representing seedling height expresse(d as a percent of the unheated control was obtained fron an average of 6 replicates of 100 grains.
Starch formation was determined after boiling the embryos in 80 % ethanol and extraction with ethyl ether. Upon the addition of a solution of iodine (2 g/l) and potassium iodide (20 g/1), embryos which stained blue were judged to contain starch. Quantitative estimates of amylose content were made by grinding the stained embryos in ethvl alcohol in a teflon homogenizer. The samples were then centrifuged. The precipitate was resuspended in water and autoclaved at 15 pounds of steam for 15 minutes. This procedure removed all visible traces of iodine and dissolved the amylose or blue staining fraction of the starch. The sample, colorless after this treatment, was centrifuged to remove debris. Iodine-potassium iodide was added to an aliquot of the supernatant, and the optical density of the solution was measured at 650 mIu in the Spectronic 20 after 15 minutes. After the optical density of the blue iodine-amylose solution was measured-, the sample was bleached with sodium thiosulfate and the optical density value obtained (due to suspen-ded inert material) was subtracted from the first reading. This gave a more accurate "blue value" for amylose. The amylose content of a sample was expressed in terms of a Merck water soluble amylose used as a standard; this value is in reality an "apparent" amylose. For reasons of brevity, it is referred to in this paper as amylose content. Because only small quantities of embryo starch were available, the amylose amvlopectin ratio (8) was not determined. This ratio is used to calculate absolute amylose values but absolute amylose values were not considered necessary in this study.
Some starch and carbohydrate determinations were made by the method of McCready et al (9) , using perchloric acid and anthrone reagent. Samples were usually analyzed for amylose by the autoclave method described above because of its simplicity and reliability. bryos, the iodine test was reapplied (to the extract) for a quantitative measure of amylose content per stained embryo. The latter value was related to vigor. By using the iodine staining procedure, starch formation was recognizable in embryos from vigorous seeds after 2 hours in distilled water. Figure 3 shows the time course of the percent of embryos staining. Dry embryos stained by iodine were a very dark brown, and some endosperm starch often adhered to the excised embryo. Consequently, the presence or absence of blue stain in such embryos was difficult to detect. Only traces of blue staining material were found upon microscopic examination. After 2 hours growth on water, however, a large percentage of the embryos stained with a greenish coloration, due to the masking ot the blue starch-iodine complex by the inherent yellowness of the tissues. At this stage the embryo had enlarged considerably, having absorbed water, and had lost the brown coloration found in the dry unfloated embryo which had -been stained with iodine. After 8 hours growth, the number of embryos staining blue reached a maximum of 98 %, approximately that of the actual germination (99 %). At this stage the embryos stained dark green, blue-green, or blue-biack, depending on the amount of starch formed. After 18 hours, the embryos had lost most of the yellowness, and had grown a millimeter or two. At this point they stained an intense blue-black with iodine.
Samples
Staining of the coleoptile has been considered the primary criterion for viability in this study. In some immature heat-damaged seeds, the normal viable embryo staining pattern was reversed, the coleoptile remaining yellow or unstained, the scutellar region staining blue.
The optimum temperature for starch formation was determined by floating embryos for 4 or 8 hours at temperatures ranging from 100 to 30°C. The embryos were extracted with ether and stained with iodine. The stained embryos were ground and apparent amylose per stained embryo was determined. Figure 2 shows in 5-degree intervals, the temperature curve for starch formation for 4 and 8 hours. In both instances, maximum starch formation occurred at 250 C.
Many of the earlier experiments with excised embryos were carried out at 200 C, the optimum temperature for germination of the intact seed. In later experiments, excised embryos were grown at the optimum, 250 C, unless otherwise specified. The sensitivity of the embryo starch test is without doubt related to the mechanism of amylose formation during germination. No information on the specific mechanism of amylose formation from stored reserves in the barley embryo is available. Both carbohydrate and fat have been found in barley embryos in amounts great enough to serve as sources of supply. James (4) showed that the embryo contained large amounts of sucrose and raffinose which were rapidly depleted during germination. James and James (5), although able to show a small decrease in fat content and low R.Q. values, concluded that hemicelluoses, cellulose, and a trace of starch were synthesized from carbohydrate reserves, while fat was oxidized to form cutin and possibly some carbohydrate which accumulated as fibre. Brown (2) using a different technique, reported an R.Q. of 0.8, increasing to 1.0 in a few hours for excised barley embryos. None of the previous investigators measured amylose content or leakage of solutes. Brown (2), however, mentioned that an appreciable amount of the dry weiglht was lost by rapid leaching of solutes. The author, in attempting to measure the disappearance of fat, found that up to 20 % of the dry weight of the embryos was lost in 8 hours to the water in which they were floated. The residue remaining after evaporation of the water contained in addition to other material (carbohydrate, etc.), an appreciable quantity of oily material which oxidized on standing or heating to a brown ether insoluble pigment. The weight of the residue was only slightly less than the loss in dry weight. No loss in fat in 24 hours could be demonstrated. The problem will be reexamined with due consideration given to the leached solutes. The leaching of solutes undoubtedly is of appreciable importance in determining the disappearance of fat.
The available evidence appears to favor carbohydrate as the probable origin of amylose. If an exclusively carbohydrate transformation is involved here, the sensitivity of the embryo test may be closely related to the activity of glucose phosphorylase and associated enzymes. Definitive evidence is not available to support this view.
Another possible mode of amylose formation is from fat stored in the embryo. Such a mechanism cannot be excluded on the basis of any of the experimental evidence now available. If one may assume that starch does arise directly from the metabolism of fat, then starch is an accumulating end product of this long chain of complicated biochemical transformations. As such, starch may be regarded as an overall measure of the metabolic activity of this system. The presence of starch indicates the active presence of all the enzymes and cofactors necessary for its formation. It thus should indicate that the embryo in which it is foundi has an active and complete metabolic system and is capable of growth. Starch, as an indicator of viability, would have obvious advantages over the tetrazolium test, which reveals the active presence of only one type of enzyme, the dehydrogenase.
Whatever the mechanism of embryo starch formation may be, the experiments described in this paper indicate, at least for Oderbrucker barley, that starch is an accurate index of viability even in heat-damaged barley. Furthermore, the formation of starch in the embryo may be used not only as an index of viability, but also of vigor. An obvious disadvantage of the starch test in its present state of development is the time and labor required, particularly for the excision of embryos.
It should be mentioned that this study has considered germination in terms of total number of viable seeds, and no attempt has been made to correlate seedling abnormalities with microscopic starch patterns in the embryo. Nor has any attempt been made, as yet, to reevaluate the tetrazolium staining values by microscopic examination of stain patterns in heatdamaged barley.
SUM MARY
It has been shown in Oderbrucker barley subjected to a range of experimentally induced heat damnage that amylose formatiorn in the isolated embryo is indicative of viability. The amount of amylose formed in a given time (8 hours) was found to be roughly proportional to the fresh weight of the seedling, to the increase in fresh weight of the seedling. and to seedling height at 5 days.
Short exposures to heat at 850 C caused a decrease in seedling fresh weight and height, and a marked decrease in the formation of amylose in the excised embryo. Long exposures were required to bring about a reduction in percent germination and percent embryos giving positive tests for amylose.
The author gratefully acknowledges the advice of weight. This uncoupled growth, whose duration depends on the concentration of selenomethionine, is followed by the resumption of exponential divisions as well as a return to normal size and weight. The addition of L-methionine at any time will terminate the uncoupled growth and reinstate exponential divisions. These data indicate that when L-methionine which normally originates from sulfate is antagonized by its selenium analogue, division but not growth is prevented, and that the amino acid may consequently have a biochemical function essential for the division mechanism of the Chlorella vulgaris cell.
Little more is known about the nature of the uncoupled growth beyond what has been mentioned above. In this paper changes in nitrogen and sulfur metabolism and 02 uptake have been examined in order to characterize the giant cells biochemicallv in greater detail.
MATERIALS AND METHODS GROWTH CONDITIONS:
The strain of Chlorella vulgaris, the composition and preparation of media, and most other aspects of growth conditions were identical with those described previously (22, 23). The following changes in procedure were made. A sulfate concentration of 3.1 X 10-3 M was chosen in all experiments, since at this level maximum growth was attained with only a 20 % depletion of the total sulfur, and a high specific activity could be effected in experiments with radioactive sulfate. Selenomethionine was supplied at a level of 3.1 X 10-5 M which induced a period of uncoupled growth that lasted about 150 hours under the conditions of these experiments. The initial population density was increased to 0.4 million cells per ml to provide more cells for analysis. Culture tubes were sup-
